Background: When deciding treatment options for patients with colon cancer, accurate staging is required. In Sweden, the main preoperative evaluation modality to determine tumor and nodal stage is computed tomography (CT).
Introduction
The most important prognostic marker for colon cancer is tumor stage (1) . The most widely used and accepted staging classification is the tumor/node/ metastasis (TNM) Classification of Malignant Tumors (2) . In Sweden, preoperative staging is recommended in national guidelines. The modality most often used is computed tomography (CT) (3) . Usage of CT in the staging of distant metastases (M) is well established (3) and some studies have indicated that CT is a valid method for determining tumor and nodal stage (4, 5) . These results, however, have been contradicted by a recent study from Sweden by Sj€ ovall et al. (6) , which showed low values of agreement when comparing preoperative (CT determined) clinical tumor and nodal (cTN) stage and postoperative tumor and nodal stage based on histopathology (pTN). The study by Sj€ ovall et al. was based solely on information retrieved from the Swedish Colorectal Cancer Registry (SCRCR), a national quality registry, covering >98% of all adenocarcinomas of the colon in Sweden, containing information such as tumor localization, patient characteristics, and pre-and postoperative stage (7) .
The aim of the current study was to investigate the agreement between the cTN stage, determined by CT, and the pTN stage, based on histopathology analysis, at a single high-volume colorectal center with data retrieved from medical journals. A secondary aim was to validate the data available in the SCRCR.
Material and Methods

Study population
Patients diagnosed with adenocarcinoma of the colon treated at a Swedish high-volume center during the time period January 2013 to December 2016 were identified through the SCRCR and considered eligible for the study. Exclusion criteria were synchronous tumors, non-resectional surgery, neoadjuvant treatment, and/or missing explicit stage according to the TNM classification.
Data retrieval
Information was retrieved from the patients' medical journals and SCRCR, including sex, age at surgery, body mass index (BMI) registered within one month of surgery, and tumor location categorized into right colon (appendix, caecum, ascending colon, and hepatic flexure), transverse colon, or left colon (splenic flexure, descending colon, and sigmoid colon). In addition, information whether the surgical procedure was elective (scheduled procedure) or acute, cTN stage reported in the initial CT result or at a multidisciplinary team conference, and finally the pTN stage according to the histopathology report was also retrieved. The CT scans were generally performed by use of CT scanners SOMATOM V R Definition Flash (Siemens, Munich, Germany) or Aquilion TM ONE (Canon, Zoetermer, the Netherlands), with a slice thickness of 1, 2, or 5 mm. If the preoperative stage assessed by the initial CT result and the multidisciplinary team conference differed, the results of the latter were used. In cases when a range of T stage or N stage was stated in the report, the most severe stage, i.e. the highest number, was used. No second readings of CT scans with reassessment of cTN were performed for this study.
Statistical analysis
Agreement between pre-and postoperative T stage and N stage was calculated by use of kappa statistics. To determine the degree of agreement, the range between 0 and 1 was divided into five equal groups in accordance with the often-used categorization of Landis and Koch (8) . For matrices larger than 2 Â 2 quadratic, weighting was applied unless otherwise specified. The analyses were performed on consecutive groups merged into larger groups. The merging performed was T1-2, T1-3, and N1-2. T and N staging were also combined into low-and high-risk tumors. Low-risk was defined as T1-3 and N0. High-risk was defined as T4 or N1-2.
To determine whether the agreement was related to other patient and tumor characteristics, further analyses of kappa values were performed after stratification of the chosen potential confounding variables.
Accuracy of the preoperative staging was calculated as the ratio of correct observations, using the pTN as reference, divided by the total number of observations and multiplied by 100. Sensitivity and specificity were calculated with the higher stages, i.e. T4, N2, and high-risk, respectively, considered as the positive outcomes.
95% confidence intervals were calculated using bootstrapping for the kappa values and binomial proportion confidence intervals for accuracy, sensitivity, and specificity.
The SCRCR data of cTN was validated by dividing the cases with TNM stages corresponding to the medical records with all cases, including those with non-correctly reported TNM values. This produced a percentage of correctly staged tumors in the registry. A sample of 20 patients was randomly selected of those with a non-correctly reported stage to more closely examine the medical journals to determine a potential cause for them to have been not correctly reported. All statistical analyses were performed using SPSS version 24 and Matlab version R2016a.
The Ethics Committee of Lund University approved the study.
Results
Study cohort and clinical characteristics
In all, 974 patients were identified through the SCRCR as eligible for the present study. After the exclusion of 107 patients not fulfilling the criteria of having a unique adenocarcinoma of the colon that was resected without prior neoadjuvant therapy and 484 patients missing both cT and cN stage or both pT and pN stage, 383 patients comprised the final study population (Fig. 1 ). In Table 1 , the clinical characteristics of the study cohort are presented along with characteristics of the patients who were excluded. The percentage of adequately staged tumors increased each year, reaching 37% in 2016.
Agreement and accuracy
The agreement between the pre-and postoperative T stage for the 352 patients for whom the tumors were adequately T-staged is shown in Table 2 . For the merged T1-2 group, the weighted accuracy was 81% and a weighted kappa value of 0.28, indicating fair agreement. When merging T1-3, the analysis still indicated a fair agreement (j ¼ 0.27), although with a wider confidence interval.
In Table 3 , the agreement between the pre-and postoperative N stage is demonstrated for the 354 patients with complete N stage reported. Involvement of lymph nodes could be correctly judged in 61% with a weighted kappa coefficient of 0.21, suggesting a fair agreement. Merging N1 and N2 did not show a statistically significant difference in agreement between the pre-and postoperative N stage (data not shown).
The analysis of high-risk tumors compared against low-risk tumors showed an accuracy of 60% and a kappa coefficient of 0.19, denoting a slight agreement between pre-and postoperative staging.
There was no difference in agreement between cTN and pTN in relation to sex, age, BMI, type of surgery, tumor location, or whether it was entered correctly or not in the SCRCR (data not shown). 
Non-validated data
When including non-validated data available from the SCRCR of all patients (n ¼ 867), the agreement, calculated with weighted kappa, between pre-and postoperative stage was fair both for tumor (0.32, Suppl. Table 1 ) and nodal stage (0.26, Suppl. Table 2 ).
Validation of the SCRCR
Only 57% of the tumors included in the study (n ¼ 867) were correctly reported to the SCRCR, i.e. the stage reported to the SCRCR was identical to the medical records. However, when excluding tumors not completely staged (n ¼ 324), the number increased to 78%. In the sample of 20 randomly selected tumors with incomplete preoperative staging, it was observed that the findings in the CT scan report were often described in a way that a radiologist/colon cancer specialist may interpret the TNM classification of the tumor, i.e. description of the growth pattern, size, and morphology, etc., but not necessarily in a clear enough way that all personnel who transfer the information into the SCRCR could understand.
Discussion
This study shows that the agreement between CT-assessed cTN stage of colon cancer and pTN stage verified by histopathology was limited at a high-volume colorectal center. Kappa values corresponding to fair agreements between cT/pT and cN/ pN were detected in this study population. Subgrouping into low-and high-risk tumors did not improve the agreement. Neither patient nor tumor characteristics were found to have any effect on the results. M stage was not analyzed, as the main focus of this study was the radiological assessment of the primary tumor and the locoregional nodal involvement. The potential for using CT to produce a valid cTN stage has been discussed in several other studies. Some previous studies have shown acceptable agreement between cTN and pTN (5, 9) , while others have, as in the present study, shown poor levels of agreement (10, 11) . Although some studies have presented moderately superior results compared to the current study, they have all struggled to identify high-risk tumors (4, 6, (9) (10) (11) .
When comparing the results of the current study to those of a similar Swedish study by Sj€ ovall et al. (6) , the levels of agreement were for cT/pT 0.27 versus 0.44 and for cN/pN 0.21 versus 0.28. That the levels of agreement were inferior in the current study is somewhat surprising, taking into account that it explored a later time period and contained data validated against medical records. The difference between the studies could potentially be a result of discrepancies between patient medical records and the SCRCR rather than being an actual difference in the CT staging, as it was also shown in the current study that a mere 57% of data was correctly reported to the registry.
In Sweden, efforts have been made in recent years to increase the quality of radiological reports with standardized protocols in order to decrease missing data and to ensure the presence of preoperative staging. No formal educational efforts regarding CT staging of colon cancer had yet been undertaken at the hospital before or during the study period. However, in the fall of 2017, a structured protocol for CT staging in colon cancer was introduced at the Radiology Department to improve completeness and accuracy of cTN.
Currently, with the CT technology available today, perfect agreement between cTN and pTN cannot be expected. T-staging is dependent on invasion into different layers of the colon wall, not clearly visible on a CT scan. In the same way, N-staging is based on enlarged and irregular lymph nodes, not necessarily corresponding to cancer spread, whereas normal-sized lymph nodes may contain cancer cells (4) . In addition, inter-and intra-reader variability between radiologists can account for different readings of the same images (11) . In a study from 2017, Rollve´n et al. (12) presented criteria for detection of metastases on preoperative CT. They could as best show moderate sensitivity (85%) and specificity (75%) when the criteria internal heterogeneity and/or irregular outer borders were combined.
Other modalities could be used to assess cTN stage. Magnetic resonance imaging (MRI) may be a more accurate and radiation-free alternative to the traditional CT, which does not have the same resolution, especially with regard to soft tissue separation (13), but is costly and time-consuming. CT colonography (CTC) is also a potential modality to use for assessment of the colon and some studies have shown superior results concerning agreement between preoperative radiological staging and histological stage compared to the current study. Kim et al. (14) showed accuracies of T stage of 86% and N stage of 70% using CTC. A more recent study by Maupoey Ibanez et al. (15) showed an 87% accuracy of differentiating T1/T2 from T3/T4 stage (j ¼ 0.7) and an N-stage accuracy of 69% (j ¼ 0.37). The current main use of CTC is as an alternative to conventional colonoscopy in cases of obstructive colorectal cancer (3) .
The present study underlines the importance of validating registry data since erroneous entries may be higher than expected. It was shown that 57% of TNM stages reported were identical to those in the medical records. When excluding patients with not completely staged tumors, 78% were correct.
The erroneous data most likely derived from the medical records missing explicit staging according to the TNM classification. Accordingly, unstaged tumors were more often incorrectly entered in the SCRCR. The analysis of a smaller sample of 20 tumors showed that the misinformation seemed to arise in the transfer from medical records to the registry. This indicates a need for proper guidelines regarding documentation of TNM stage in the patient's medical record in order for these to be correctly transformed to the SCRCR. The validity of the SCRCR data has been previously examined with a better result than in the current study (16, 17) . The main strength of this study was that all SCRCR data were validated using the medical records. Furthermore, it was performed at a single center, limiting the number of radiologists and thereby potentially improving the consistency between CT scan assessments.
However, surprisingly, fewer than half of the patients were completely staged, limiting the number of tumors included and producing a risk of selection bias. After excluding unstaged tumors, 383 remained for statistical analysis. There is a risk that patients with correctly staged tumors could have either easier or more difficult tumors to assess by CT, making it difficult to determine if the levels of accuracy in the study sample match those of the population intended to study. However, in the analyses in which tumors with TN stage reported in the SCRCR but not in the medical records were included, the levels of accuracy were similar.
When comparing staged and unstaged tumors, it could be noted that the proportion of staged tumors increased each year. This was possibly caused by an increased awareness among radiologists on how to properly report TNM staging. A comparison of baseline characteristics showed that the patients with available cTN were somewhat older and their tumors were more often located in the right colon. The age difference is to be considered minor. We currently have no data indicating that different tumor locations in the colon affect cTN.
In the group with unstaged tumors, there was a higher frequency of emergency procedures and the staging was more often based on CT scan assessment rather than after a multidisciplinary team conferences. The cause of this could be the necessity to prioritize treatment to solve the acute situation over an optimal staging procedure and team conference.
These differences between staged and unstaged tumors should be taken into account when drawing conclusions from the results. The kappa values of agreement between cTN and pTN seen in this study may not correspond to a study population with a higher frequency of patients undergoing emergency procedures. However, the results are still interesting and some conclusions may be drawn.
In conclusion, only a fair agreement was shown in this study between the CT-assessed cTN stage and the pTN stage based on histopathological analysis. The CT-assessed staging gained no benefit from a merged as opposed to a precise TNM classification and the accuracy of preoperative cTN stage did not increase when dividing tumors into low-and high-risk groups. Educational efforts could potentially increase the level of accuracy. As correctly identifying high-risk versus low-risk tumors is of higher clinical importance than determining precise stages, efforts should be focused on how to detect high-risk tumors. As a surprisingly high level of erroneous data were detected in the SCRCR in this study, continuous efforts of ensuring valid data in the registry are necessary.
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